Abstract -A new control strategy for reducing the switching frequency of direct torque controlled (DTC) induction motor with open-end winding configuration is proposed. Two independent two-level inverters are feeding both ends of the three-phase stator winding. In order to achieve the required voltage vector, one of the inverters is clamped to a particular voltage vector for a minimum of one sampling interval, while the other one is controlled using space vector PWM technique. This arrangement applies a 3-level line voltage waveform to the machine. Since this configuration is generally used in high power applications, the effective switching frequency of one of the inverters is reduced. Also, isolating the input DC source of the inverters can eliminate the flow of zero sequence current. Hence a significant reduction in size and improvement in overall efficiency is achieved. Simulation studies have been carried out for the proposed scheme and results are compared with the conventional space vector PWM-DTC by taking the equivalent 2-level inverter into account.
I INTRODUCTION
Induction motor drives are generally used for low and medium power applications. However, researchers have moulded this motor even for higher power applications by making suitable changes in power and control circuit configurations. One such change is the open-end, threephase stator winding which is fed by two separate inverters. Torque and speed fluctuations that leads to acoustic noise and vibrations. Higher ripple in the stator current that can cause high power loss and hence heating of the machine. Use of a three-phase reactor to reduce the zersequence current, thus making the system bulky and less efficient. Both ends of the stator winding are connected to two threelevel inverters. The use of a three-level inverter at both ends improves the performance of the machine but can lead to an increase in both cost and complexity. A reactor has been used on the A C D C side to reduce the flow of zero sequence currents. In [9]- [ IO] , the open-end winding Configuration has been proposed for high power electric vehiclehybrid electric vehicle (EVAIEV) propulsion systems. In [I I], space vector pulse width modulation technique is used to control the output voltage of both the inverters connected at both ends of the motor winding. It should be noted that the switching frequency capacity of both the inverters is same. This paper proposes ;I new scheme in which one of the inverters is switched al. high frequency, and the other at low switching frequency.
I1 OPEN-END WINDING INDUCTION MOTOR FED BY 2-TWO LEVEL INVERTERS
A schematic of the open-end winding induction motor drive is shown in Fig.1 
As both inverters are connected to separate dc sources, they can he assumed to he two independent nodes. Thus the sum of the three-phase currents can he assumed to he zero. If the summation of the three-phase currents is zero, summation of the three-phase voltages can also he assumed zero. Hence using (3)-(S), and solving for VGGt we get
Substituting this value of v,, in equation (3), (4) and (5), the expression for the phase voltages are given hy
and the corresponding d-q components are
(8)
Stator voltage space vector is given by (9) There are two independent two-level inverters. The total possible enerated voltage vectors given hy equation (9) Though the reference voltage vector is generated using the method proposed in [IS] , for the sake of convenience of the reader, it is briefly described here. It is has been derived in [I] that the rate of change of torque is proportional to the slip speed. Using the same concept, the reference synchronous speed for the reference stator flux is derived. The actual flux vector is derived from the motor model. The difference of these two-stator flux vectors divided by the sampling time generates the reference voltage vector. Thus in each sampling interval, the generated voltage vector will compensate this error.
The reference voltage vector can be constructed by the application of the two nearest voltage vectors and zero . The inter-phase reactox has some disadvantages like acoustic noise and losses, resui.ts in a bulky system and it requires more space. Though the isolating transformer seems to be a better alternative, it also makes the system bulky and is costly, it creates more acoustic noise and requires more space. The method reported in 1131 uses auxiliary switches to block the zero sequence currents. This method restricts some of the switching sequences that cause triplen harmonics. Due to thi!; reason, the dc bus voltage is under utilized and hence the output of the multilevel inverter decreases. In order to fully utilize the PWM inverter, the voltage of the dc bus n(:eds to be increased.
In some applications like EV/HEV where motors are driven by electric batteries, it may be convenient to partition the batteries in order to isolate the dc sources and mitigate the problem of zero sequence currents. But partitioning of batterieii is not a wise decision [IO] , as it will require additional relays, fuses etc. This may not be true in general, specifically for high power applications such as submarines. Relays, fuses and other safety issues are much cheaper and occupy less space as compared to other methods of isolation. The soft-switched, high switching frequency isolating transformer can also be used for isolating dc sources that will eliminate many disadvantages of the conventional methods.
IV RESULTS
Simulation studies have been carried out using SIMULINK software in MATLAB environment. level inverter under identical condition. In figures 8 and 9, a change in reference fliur from 0.7 to 0.4Wb is applied at 0.5 sec. It is done at light load condition in order to improve the efficiency and the drive now starts to operate in two-level mode. In figures IO and I I , a change in reference speed from 600rpm to -500 rpm is shown. Though the results of the open-end winding configuration are superior to the conventional SVPWM. method, the main advantage is the reduction in switching frequency and hence the device rating is reduced to half that makes it less expensive and easily available. 
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